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introduction
Banking firms have heterogeneous ownership, corporate, market and risk characteristics (Isik & Hassan, 2002) . While the choice of ownership i.e. foreign, local, public, private, state, etc., is important within the context of non-bank financial institutions, it becomes crucial in the context of a bank (Boubakri, Cosset, Fischer, & Guedhami, 2005) and is an essential element for the development of a healthy banking system in developing countries (Lang & So, 2002) . To date, a growing number of studies have examined the relationship between ownership structure and bank efficiency and productivity (e.g. Grigorian & Swedberg, 2006; Havrylchyk, 2006; Sufian, 2011) . However, most of the available studies on the ownership-performance relationship have concentrated on the US and banking sectors of the western and developed countries (Berger & Mester, 1997) . In this vein, De (2003) points out that the absence of a well-defined market for corporate control and weak property rights, evidence from the developed countries are not directly applicable to the developing countries banking sectors. Furthermore, evidence from the US banking sector may not be comprehensive due to the lack of state owned banks in the country (Altunbas, Evans, & Molyneux, 2001 By employing data on the whole gamut of foreign and domestic banks, the present study attempts to build on the earlier studies on the performance of the banking sector in a developing economy and examine sources of total factor productivity (TFP): efficiency change (EFFCH) or technological change (TECHCH). The period under study, which coincides with the period of financial sector liberalization in Malaysia is a perfect setting to examine the performance of different forms of bank ownership. The earlier study by D'souza and Megginson (1999) suggests that the inefficiency of the state-owned banks in many countries only become perceptible when they are forced to compete with the newly arriving domestic and foreign institutions. Therefore, detecting the extent and sources of inefficiency (waste of resources) in each banking organizational form is crucial in the new competitive environment for policy and research concerns.
The paper also attempts to critically investigate and to test whether banks with dominant foreign ownership outperform their domestic bank peers. Although empirical studies performed to examine this issue are vast in the developed countries, evidence on the developing countries is relatively sparse (Berger & Mester, 1997) . Therefore, there is a need to examine if these results are applicable to different settings (Williams, 1998) . Furthermore, the Malaysian banking sector provides an interesting ground on account that although it is a developing country, some of the foreign banks operating in the country's banking sector originates from developing countries as well (e.g. Thailand and China).
To do so, we employ the state of the art Simar and Wilson (1999) bias-corrected Malmquist Productivity Index (MPI) method to compute the TFP of the domestic and foreign banks operating in the Malaysian banking sector. The preferred methodology enables us to isolate efforts to catch up to the frontier (EFFCH) from shifts in the frontier (TECHCH). To the best of our knowledge, the present study will be the first to examine the efficiency and productivity of the Malaysian banking sector by employing the bias-corrected MPI method. Unlike the previous studies focusing on the Malaysian banking sector, the present study adopts a dynamic panel of the MPI method. Isik and Hassan (2002) suggest that the dynamic panel is more flexible and thus more appropriate than estimating a single multi-year frontier for banks in the sample. Furthermore, as suggested by Banker and Natarajan (2008) , we also test the null hypothesis (the foreign owned banks are relatively more productive than the domestic owned banks) against the alternative hypothesis (the domestic owned banks are relatively more productive than the foreign owned banks).
This paper is set out as follows: the following section reviews the main literature, while in Section 3 we outline the approaches to the measurement of efficiency and productivity changes. Section 4 discusses the results and we conclude in Section 5.
Review of related literature
The literature examining the efficiency and productivity of financial institutions with parametric and/ or non-parametric frontier techniques has expanded rapidly in recent years. The liberalization of the banking sector and the increasing number of bank failures in the 1980s and early 1990s contributed to an increasing academic interest in the topic. However, a large body of literature spanning the past century exists on the US banking sector (Berger, 2007; Berger & Humphrey, 1997; Berger, Hunter, & Timme, 1993; Berger & Mester, 2003) , while relatively few has been conducted within the context of the developing countries banking sectors (Berger & Humphrey, 1997) . Lensink, Meesters, and Naaborg (2008) suggest that a foreign bank is usually defined as a bank of which more than 50% of the shares are owned by non-domestic residents. This indicates that a bank may be a domestic bank in one country, but a foreign bank everywhere else. For example, Citibank is a domestic bank in the US but it will be as a foreign bank in all other countries. Berger and Humphrey (1997) examine the efficiency on 130 of financial institutions, of which a few address the impact of foreign ownership. They find that the relative efficiency of foreign vs. domestic ownership appears to depend on host and home country conditions. Despite the poor performance of the foreign owned banks in developed countries, a growing body of empirical evidence has shown the superiority in performance of the foreign owned banks in developing and transition economies. Foreign owned banks in India were found to be relatively efficient compared to the domestically owned banks (e.g. Ataullah, Cockerill, & Le, 2004) . Similarly, Sathye (2003) and Shanmugam and Das (2004) also suggest that the public and foreign owned banks in India have exhibited a higher level of technical efficiency compared to their private owned bank peers. Leightner and Lovell (1998) find that on average Thai banks have experienced falling TFP growth, while the average foreign banks have exhibited increasing TFP. Hasan and Marton (2003) find that foreign owned banks in Hungary have been relatively more profit efficient compared to their domestic bank counterparts. Likewise, in a study on the Czech and Poland banking sectors, Weill (2003) find that the foreign owned banks are more efficient than the domestic banks. By employing data from a wide range of transition countries, Grigorian and Swedberg (2006) find that foreign ownership with controlling power and enterprise restructuring enhance commercial bank efficiency. Isik and Hassan (2002) suggest that foreign banks in Turkey, especially the foreign bank branches are significantly more X-efficient compared to their domestic bank peers. Berger, Clarke, Cull, Klapper, and Udell (2005) suggests that foreign owned banks from developed nations in developing countries may have access to superior technologies, particularly information technologies for collecting and assessing "hard" quantitative information. However, in less developed countries or regions the weight of proximity is greater, thus the "liability of unfamiliarness" is more difficult to overcome. Local communities differ in terms of the economic, institutional, social, and cultural characteristics from regions where out-of-region bank holding companies are headquartered. The risk of being isolated from strategic banking functions requiring staffs that are more qualified is therefore higher. Isik and Hassan (2002) studied the impact of different ownership and organizational structures on the efficiency of the Turkish banking industry over the period 1988-1996 by using a series of parametric and non-parametric techniques. They found that the foreign banks operating in Turkey were relatively more efficient rather than domestic counterparts, while private banks were found to be more efficient relative to public banks for all efficiency measures.
Most of the previous studies such as DeYoung and Nolle (1996) , Miller and Parkhe (2002) , and Havrylchyk (2006) summarize that foreign banks in transition and developing markets show higher efficiency than their domestically owned counterparts. In developed countries, foreign banks are reported to be at a disadvantaged position relative to their domestic counterparts.
The above literature reveals the following research gaps. First, the majority of these studies concentrate on the banking sectors of the developed countries, such as the US, Europe, and other developed countries banking sectors. Second, empirical evidence on the developing and emerging countries banking sectors are relatively scarce. Finally, to the best of our knowledge, empirical evidence employing the state of the art Simar and Wilson (1999) bias-corrected MPI method is completely missing from the literature. In the light of these knowledge gaps, this paper seeks to provide for the first time new empirical evidence on the sources of total factor productivity change (TFPCH) in the Malaysian banking sector by using the bias-corrected MPI method.
Methodology and data

Data envelopment analysis
The DEA method involves constructing a non-parametric production frontier based on the actual input-output observations in the sample relative to which efficiency of each firm in the sample is measured (Coelli, 1996) . The DEA method can be described as follows:
Consider N observations on Decision-Making Units (DMUs). Each observation, DMU (j = 1,2, … , n), uses m inputs x ij (i = 1,2, . . . , m) in order to produce s outputs y rj (r = 1,2, . . . , s). Select a DMU to be examined for relative efficiency and for convenience of notations, denote this DMU as DMU 0 . The mathematical programming problem to be solved can then be formalized in ratio form as follows: where x ij is the observed amount of input i for the DMU j , x ij < 0, i = 1,2, … , n, j = 1,2, … , n. y rj stands for the observed amount of output r for DMU j , y rj < 0, r = 1, 2, … , s, j = 1, 2, … , n. The optimal solution to the above mathematical programming problem provides a set of "virtual multipliers" {v i } for inputs and "virtual multipliers" {u r } for outputs for DMU 0 . The weighted input
values are, respectively, called the "virtual input" and "virtual output" for the DMU under investigation. The weights are not pre-determined, but instead by using mathematical programming to determine the best set of weights represented by values that maximize the efficiency score for each DMU 0 to be evaluated. The value of the objective function at the optimum is interpreted as a measure of the relative efficiency of the DMU being evaluated relative to all DMUs where each is represented as a ratio of virtual output to input. The resulting efficiency is always non-negative and less than, or equal to one. A DMU is said to be relatively efficient if the maximized score in its objective value is one. It is otherwise deemed to be inefficient.
Since the above problem has an infinite number of solutions, Charnes, Cooper, and rhodes (1978) transformation is used to arrive at a linear programming problem that is equivalent to the above linear fractional programming problem (Zhu, 2009) .
There are two main approaches for the estimation of the efficient frontier from these n observations. Firstly, the input oriented models seek to find the amount that the inputs are to be proportionally decreased given a certain amount of output. And secondly, the output oriented models reveal the amount that the outputs are to be proportionately increased given a certain amount of input. Since we define efficiency as the proportional reduction in inputs possible for a given level of output in order to obtain the efficient use of inputs, we follow the input minimization to find the most efficient bank(s) in the Malaysian banking sectors. Therefore, the dual model for the linear programming model is as follows (Zhu, 2009 ): * = min subject to the constraints; where x io is the ith input and y ro is the rth output for DMU 0 . Here, the optimal value satisfies the condition * ≤ 1. * is the (input oriented) efficiency score of DMU 0 . If * = 1, the input levels can no longer be reduced proportionally and DMU 0 is on the efficient frontier, i.e. there is no other DMUs that operate more efficiently than this DMU. This is an envelopment model with variable returns to scale (VrS).
Since the above optimization problem is performed for each DMU separately, DEA provides a collection of best virtual multipliers, one set for each DMU. This is to say that the DEA methodology is directed toward each individual DMU, as opposed to regression techniques which are directed toward average behavior over all DMUs. The virtual multipliers derived for each DMU are constructed in a manner that gives the specific DMU under investigation (DMU 0 ) the highest possible efficiency score, subject to the provision that no other DMU can be labeled as "super efficient" (have an
efficiency score greater than one) using the same optimal virtual multipliers. This allows firms having different strategic objectives to prioritize their desired outputs (have different virtual multipliers) and still be compared to each other with respect to their efficiency, provided that all of the firms have the same inputs and outputs.
It is also worth noting that if the restriction ∑ n j=1 j = 1 is removed from Equation 10, the model becomes a constant returns to scale (CrS) model in which the frontier exhibits CrS. On the other hand, if this restriction is replaced with ∑ n j=1 j ≤ 1, then it is called non-increasing returns to scale envelopment model. The model will be called a non-decreasing returns to scale envelopment model if the condition is replaced with ∑ n j=1 j ≥ 1 (Zhu, 2009 ).
Malmquist Productivity Index
Three different indices are frequently used to evaluate TFPCH: the Fischer (1922) , Tornqvist (1936) , and Malmquist (1953) indices. 1 The non-parametric (Malmquist) and parametric (Fischer and Tornqvist) indices differ in several ways in respect to their behavioral assumptions and whether or not they recognize random errors in the data (noise). Grifell-Tatjé and Lovell (1996) suggest that the MPI has several distinct advantages over the Fischer and Tornqvist indices.
Firstly, it does not require the profit maximization or the cost minimization assumption. Secondly, it does not require information on the input and output prices. Thirdly, if the researcher has panel data, it allows the decomposition of productivity changes into two components (technical efficiency change or catching up and technical change or changes in the best practice). Finally, unlike the parametric methods, it does not require specifying the functional form for the frontier, which could be biased due to specification errors if the functional form is misspecified. Its main disadvantage is the necessity to compute the distance functions. However, the DEA method can be used to solve this problem.
Following Färe, Grosskopf, Norris, and Zhang (1994) among others, the present study adopts the output oriented MPI. The analysis employs the notion of an output distance function first proposed by Shephard (1970) , which measures how much a unit's outputs can be proportionately increased given the observed levels of its inputs. The structure of the production technology is assumed to exhibit CrS. We delineate the structure of production technology with the output distance function as follows:
which measures the output technical efficiency of bank j at time t relative to the technology at time t (Shephard, 1970) . Since technical efficiency is measured relative to the contemporaneous technology, we have D t X t j ,Y t j ≤ 1, with D t X t j ,Y t j = 1 signifying that bank j is on the production frontier and is technically efficient, while D t X t j ,Y t j < 1 indicating that the bank is below the frontier and is technically inefficient.
Before describing the MPI method, we need to define distance functions with respect to two different time periods. The efficiency of bank j at time t relative to the technology at time t + 1 is represented by Similarly, the efficiency of bank j at time t + 1 relative to the technology at time t is defined by the distance function Caves et al. (1982) define the MPI as
The indices in Equation 17 provide measures of productivity changes. To avoid choosing an arbitrary benchmark, two continuous MPI are combined into a single index by computing the geometric mean and then multiplicatively decomposed this index into two sub-indices measuring changes in technical efficiency and technology as follows (Färe, Grosskopf, Lindgren, & roos, 1989 , 1992 .
and
The ratio in Equation 18 is an index of technical efficiency change between period t and t + 1, measuring whether bank j moves closer to, or farther away from best practices during the time period. The value of ΔEff t,t+1 is greater than, equal to, or less than unity depending on whether the relative efficiency of bank j improved, unchanged, or declined during the period. The term ΔTech t,t+1 in Equation 19 is an index of technology change, which gives the geometric mean of two ratios. A value of ΔTech t,t+1 greater than, equal to, or less than unity indicates progress, no change, or regress in technology, respectively, between periods t and t + 1.
From Equations 18 and 19, the relationship between the MPI and its two sub-indices is
Clearly, productivity change is the decomposition of changes in both efficiency and technology with M t,t+1 greater than, equal to, or less than unity representing progress, stagnation, or regress in TFP, respectively, between periods t and t + 1. In principle, one may calculate the MPI in Equation 20 relative to any technology pattern. The CrS technology is adopted to compute the MPI and its two subindices in the preceding analysis. Simar (1992) and Simar and Wilson (1998) are pioneers in using the bootstrap in frontier models to obtain non-parametric envelopment estimators. The idea behind bootstrapping is to approximate a true sampling distribution by mimicking the data generating process (DGP). The procedure is based on constructing a pseudo sample and re-solving the DEA model for each DMU with the new data. repeating this process many times enables us to build a good approximation of the true distribution. Simar and Wilson (1998) show that the statistically consistent estimation of such confidence intervals very much depends on the consistent replication of a DGP. In other words, the most important problem of bootstrapping in frontier models relates to the consistent mimicking of the DGP. 2 They argued that this problem refers to the bounded nature of the distance functions. Since the distance estimation values are close to unity, re-sampling directly from the set of original data (the so-called naive bootstrap) to construct pseudo samples will provide an inconsistent bootstrap estimation of the confidence intervals.
Bootstrapping the MPI
Hence, to overcome this problem, they propose a smoothed bootstrap procedure. They use a univariate kernel estimator of density of the original distance function estimates (for efficiency scores in that case), and then construct the pseudo data from this estimated density. However, to estimate the Malmquist indices, we have panel data instead of a single cross-section of data with the possibility of temporal correlation. Thus, Simar and Wilson (1999) , in adapting the bootstrapping procedure for Malmquist indices, propose a consistent method using a bivariate kernel density estimate via the covariance matrix of data from adjacent years. However, the estimated distance functions D it 1 |t 1 and D it 2 |t 2 using a kernel estimator are bounded from above unity and it is noted by Simar and Wilson (1999) that a bivariate kernel estimator value under this condition is biased and asymptotically inconsistent. To account for this issue, Simar and Wilson (1998, 1999 ) adapt a univariate reflection method proposed by Silverman (1986) . 3 Therefore, to achieve consistent replication of the DGP taking all of these features into account, one must use the smoothed bootstrap. repeatedly re-sampling from the Malmquist indices via the smoothed bootstrap results in a mimic of the sampling distribution of the original distance functions (a set of bootstrap Malmquist indices), from which confidence intervals can be constructed. The process can be summarized as follows:
(1) Calculation of the Malmquist index M o i (t 1 , t 2 ) for each bank (i = 1, …, N) in each time (t 1 and t 2 ) by solving the linear programming models 8 and 9 and their reversals.
(2) Construction of the pseudo data-set (x * it ,y * it ); i = 1, … , N; t = 1,2 to create the reference bootstrap technology using the bivariate kernel density estimation and adoption of the reflection method proposed by Silverman (1986) .
(3) Calculation of the bootstrap estimate of the Malmquist index * Mo i (t 1 ,t 2 ) for each bank (i = 1, …, N) by applying the original estimators to the pseudo sample attained in Step 2.
(4) repeating Steps 2-3 for a large number of B times (in this study B = 2000) to facilitate B sets of estimates for each bank.
(5) Construct the confidence intervals for the Malmquist indices.
(23)
The basic idea designed for construction of the confidence intervals of the Malmquist indices is that the distribution of M o i t 1 ,t 2 − M o i t 1 ,t 2 is unknown and can be approximated by the distribu-
mate of the Malmquist index, and * Mo i t 1 ,t 2 is the bootstrap estimate of the index. Hence, a and b defining the (1 − ) confidence interval:
can be approximated by estimating the values a * and b * given by:
Thus, an estimated (1 − ) percentage confidence interval for the ith Malmquist index is given by:
The Malmquist index for the ith bank is said to be significantly different from unity (which would indicate no productivity change), at α% level, if the interval in Equation 26 does not include unity. With the information provided, it is possible to ascertain whether productivity growth (or decline) measured by the MPI is significant i.e. whether it is greater than (or less than) unity at the desired levels of significance. The same holds for the sources of TFPCH as it is now possible to assess the significance of both EFFCH and TECHCH if they occur.
It should be noted that by using the calculated bootstrap value in Step 4, we can also correct for any finite-sample bias in the original estimators of the Malmquist indices. We only need to apply a simple procedure outlined by Simar and Wilson (1999) as follows:
The bootstrap bias estimate for the original estimator M o i t 1 ,t 2 is:
Thus, a bias-corrected estimate of M o i t 1 ,t 2 can be computed as:
However, as explained by Simar and Wilson (1999) , the bias-corrected estimator may have a higher mean-square error than the original estimator, and hence it will be less reliable. Overall, the biascorrected estimator should only be considered if the sample variance * s 2 i of the bootstrap values * Mo
is less than a third of the squared bootstrap bias estimate for the original estimator, that is: Banker (1993) and Banker and Natarajan (2004, 2008) suggest that the DEA score is a consistent estimator. Thus, as suggested by Banker and Natarajan (2008) , we proceed to test the null hypothesis (the foreign owned banks are relatively more productive than the domestic owned banks) against the alternative hypothesis (the domestic owned banks are relatively more productive than the foreign owned banks). Following Banker (1993) and Banker and Natarajan (2004, 2008) among others, we employ the following DEA-based statistics:
Hypothesis tests
(i) If the true productivity M is distributed as exponential over [0, ∞] for the two groups i.e. foreign owned banks and the domestic owned banks, then under the null hypothesis that there is no difference between the two groups and the two sub-periods, the test statistics is calculated as which is evaluated by the F-distribution with (2N1/2N2) degrees of freedom, where N1 and N2 are the number of sample banks.
(ii) If no such assumptions are maintained about the probability distribution of efficiency and productivity, a non-parametric Kolmogorov-Smirnov's test statistics given by the maximum vertical distance between F G1 (M) and F G2 (M), the empirical distributions of M for sub-groups G 1 and G 2 respectively, is used. This statistic, by construction, takes values between 0 and 1 and a high value for this statistic is indicative of significant difference in inefficiency between the two groups.
(iii) In addition, as suggested by Banker, Zheng, and Natarajan (2010), we also employ the Mann-Whitney [Wilcoxon] test, to examine the difference in the efficiency and productivity of the foreign owned and the domestic owned banks. The Mann-Whitney's U statistic is given by Mann and Whitney (1947) show that for large samples of N1 and N2 (for N1 and N2 as small as 6), U is normally distributed with mean N1 × N2/2 and variance N1 × N2 × (N + 1)/12, where N = N1 + N2.
Thus, the large sample test statistics is
The formal two hypotheses are as follows:
h1:
The foreign owned banks are relatively more productive than the domestic owned banks. h1a: The domestic owned banks are relatively more productive compared to the foreign owned banks.
Specification of bank inputs and outputs
The DEA-based MPI requires bank inputs and outputs whose choice is always an arbitrary issue (Berger & Humphrey, 1997) . In the banking theory literature, there are two main approaches competing with each other in this regard: the production and intermediation approaches (Sealey & Lindley, 1977) . Under the production approach, pioneered by Benston (1965) , a financial institution is defined as a producer of services for account holders, that is, they perform transactions on deposit accounts and process documents such as loans. The intermediation approach on the other hand assumes that financial firms act as an intermediary between savers and borrowers, and posits total loans and securities as outputs, whereas deposits along with labor and physical capital are defined as inputs. Elyasiani and Mehdian (1990) suggest three advantages of the intermediation approach over other approaches. They suggest that (1) it is more inclusive of the total banking cost as it includes interest expense on deposits and other liabilities; (2) it appropriately categorizes deposits as inputs; and (3) it has an edge over other definitions for data quality considerations. Furthermore, Berger and Humphrey (1997) point out that the production approach might be more suitable for branch efficiency studies, as at most times bank branches basically process customer documents and bank funding, while investment decisions are mostly not under the control of branches. Therefore, as in
majority of the empirical literature (Bader, Mohammed, Ariff, & Hassan, 2008; Isik & Hassan, 2002; Kamarudin, Nordin, Muhammad, & Hamid, 2014; Kamarudin, Nordin, & Nasir, 2013; Sufian, Kamarudin, & Noor, 2012 , we adopted a modified version of intermediation approach as opposed to the production approach for selecting input and output variables to construct the TFP frontiers.
Accordingly, Malaysian banks are regarded as intermediary between savers and borrowers, producing three outputs namely, Total loans (y1), which include loans to customers and other banks, Investments (y2), which include investment securities held for trading, investment securities available for sale (AFS), and investment securities held to maturity, and Non-interest income (y3), by employing three inputs namely, Total deposits (x1), which include deposits from customers and other banks, Capital (x2), measured as the book value of property, plant and equipment, and Labor (x3), which is inclusive of total expenditures on employees such as salaries, employee benefits, and reserve for retirement pay. Table 1 presents the summary statistics of the output and input variables used to construct the productivity frontiers. All the variables are measured in millions of Malaysian ringgit (rM). It is apparent that on average the domestic banks are about four times larger (in terms of physical capital), command higher market share for both loans and deposits, have greater intensity towards loans financing, and employ more personnel compared to their foreign bank counterparts. From Table 1 it is also clear that the smallest domestic bank (in terms of physical capital) is more than four times larger than the smallest foreign bank, while the largest domestic bank is 2.9 times larger in terms of physical capital compared to the largest foreign bank operating in the Malaysian banking sector.
Data
This paper uses data on all commercial banks operating in the Malaysian banking sector during the period 1998-2008. Our source of data is the income statements and balance sheets of the respective banks for the years observed. The primary source for financial data was obtained from the Bank Scope database produced by the Bureau van Dijk, which provides the banks' balance sheets and income statements. Bank Scope database contains specific data on 25,800 banks worldwide, including commercial banks in Malaysia. Furthermore, Bank Scope database presents the original currencies' data of the specific countries and provides the option to convert the data to any other currencies. This study used ringgit Malaysia (rM) currency for purposes of standardizing the data, particularly of financial figures since the sample of the research is cover on the Malaysian banks. The total number of commercial banks operating in Malaysia varied from 32 banks in 1998-1999 to 22 banks in 2008. The number of observations varied across time Personnel expenses (inclusive of total expenditures on employees such as salaries, employee benefits and reserve for retirement pay).
As data on the number of employees are not readily made available, personnel expenses have been used as a proxy measure.
due to entry and exit of banks during the years. This gives us a total of 234 bank year observations, which represents 100% of banks operating in the Malaysian banking sector during the period.
Results and discussion
In this section, we will discuss the sources of the Malaysian banking sector's productivity changes measured by the bias-corrected MPI and assign changes in TFPCH to TECHCH and EFFCH. We will also attempt to attribute change in EFFCH to changes in PEFFCH and/or SECH. Because the year 1998 is the reference year, the MPI and its components takes an initial score of 1.000. Hence, any score greater (lower) than 1.000 in subsequent years indicates progress (regress) in the relevant measures. It is worth mentioning that favorable EFFCH is interpreted as evidence of "catching up" to the frontier, while favorable TECHCH is interpreted as innovation (Cummins, Weiss, & Zi, 1999) . The summary of annual means for the industry, domestic, and foreign banks' TFPCH, TECHCH, EFFCH, and its decomposition into PEFFCH and SECH for the years 1998-2008 are presented in Panels A, B, and C of Table 2 , respectively.
Productivity of Malaysian banks and its decompositions
As depicted in Panel A of Table 2 that the EFFCH of Malaysian banks seem to have increased at a slower rate of 1.2%. The decomposition of the EFFCH index into its PEFFCH and SECH components indicate that the source of the increase in Malaysian banks' EFFCH was mainly attributed to scale rather than pure technical efficiency. The results imply that Malaysian banks have been operating at the optimal scale of operations, but have been managerially inefficient in controlling their operating costs. Table 2 presents the results for the domestic banks. During the period under study, the findings seem to suggest that the domestic banks have exhibited progress in TFPCH by 9.5%. The decomposition of the TFPCH index into its TECHCH and EFFCH components indicate that the progress in the domestic banks' TFPCH were solely attributed to the 4.9% increase in TECHCH. On the other hand, the domestic banks' EFFCH seem to have increased by a slower rate of 2.7% during the period under study. The decomposition of the EFFCH index into its PEFFCH and SECH components suggest that the dominant source of the increase in the domestic banks' EFFCH were mainly attributed to managerial rather than scale. This implies that although the domestic banks have been managerially efficient in controlling their operating costs, they have been operating at the non-optimal scale of operations.
Panel B of
We next turn to discuss the foreign banks results. The empirical findings presented in Panel C of Table 2 seem to suggest that the foreign banks' TFPCH have increased by 9.6%, a slightly faster rate compared to their domestic bank counterparts. Similar to their domestic bank peers, the decomposition of the TFPCH index into its TECHCH and EFFCH components indicate that the 5.3% increase in TECHCH has largely contributed to the foreign banks' TFPCH progress. On the other hand, the foreign banks seem to have exhibited EFFCH increase of 4.1%. In contrast to EFFCH, the foreign banks seem to have exhibited TECHCH progress during most of the years under study. The favorable condition has resulted in the foreign banks to exhibit increase in EFFCH. The decomposition of the EFFCH index into its PEFFCH and SECH components indicate that the dominant source of the increase in the foreign banks' EFFCH were mainly scale rather than managerially related. If anything could be delved, the results clearly indicate that the foreign banks have been operating at the optimal scale of operations, but were managerially inefficient in controlling their operating costs. 
Productivity of Malaysian banks: an analysis based on the number
Analysis based on productivity levels of banks may be biased by a few observations (Isik & Hassan, 2002) . Therefore, it would be beneficial to perform analysis based on the number of banks, which is less sensitive to possible outliers. To address this concern, in the subsequent analysis, we elaborate further the productivity of Malaysian banks by summarizing the developments in the number of banks experiencing productivity progress or regress. The results are given in Panels A-C of Table 3 . As the results in Panel A of Table 3 indicate, 26 (81.25%) banks have experienced productivity growth in 1999 before declining gradually to only 14 (63.64%) banks during the year 2008. It can also be observed from Panel A of Table 3 that the number of banks which experienced technological progress declined from 30 (93.75%) banks during the year 1999 to reach a low of 16 (72.73%) banks during the year 2008. Consequently, the number of banks which experienced technological regress increased from 2 (6.25%) banks during the year 1999 to 5 (22.73%) banks during the year 2008. It is also interesting to note that the number of Malaysian banks which have been efficient increased slightly from 5 (15.63%) banks in 1999 to 6 (27.27%) banks in 2008. Table 3 present the results of the analysis based on the number of domestic banks experiencing productivity progress and/or regress. As the results in Panel B of Table 4 indicate, 15 (78.95%) domestic banks have experienced productivity growth during the year 1999, before declining gradually to reach a low of 6 (66.67%) banks in 2008. Similarly, domestic banks which exhibit technological progress declined from 18 (94.74%) banks in 1999 to 7 (77.78%) banks in 2008. On the other hand, the number of domestic banks which have seen regress in their technology increased from 1 (5.26%) bank during the year 1999 to 2 (22.22%) banks in 2008. It is also apparent from Panel B of Table 4 that the number of domestic banks which experienced efficiency increase (decrease) declined (increased) from 3 (4) banks during the year 2000 to 2 (1) bank(s) during the year 2008.
Panel B of
The developments in the percentage change of the foreign banks productivity progress (regress) and efficiency increase (decrease) is discussed next. It is apparent that during the period under study the number of foreign banks which exhibit productivity progress (regress) declined (increased) from 11 (2) banks during the year 1999 to 8 (4) banks during the year 2008. On a similar note, the empirical findings seem to suggest that the number of foreign banks which experienced technological progress (regress) declined (increased) from 12 (1) bank(s) during the year 1999 to 9 (3) banks during the year 2008. Likewise, the number of foreign banks which experienced efficiency increase (decrease) increased (declined) from 2 (4) banks during year the year 2000 to 4 (2) banks in 2008. Table 4 is constructed to examine the major sources of productivity progress (regress) and efficiency increase (decrease) in the Malaysian banking sector during the 1998-2008 period. The results given in Table 4 are simply a decomposition of Table 3 . For instance, of those 21 banks that experienced productivity progress during the year 2000 as shown in Panel A of Table 4 , the majority, 20 (83.33%), were the result of technological progress, while a (4.17%) bank's productivity progress were mainly attributed to efficiency increase. On the other hand, of the 3 banks, which experienced productivity regress during the year 2000, the majority, 2 (8.33%) banks, were the result of efficiency decline, while a (4.17%) bank's productivity regress was mainly due to technological regress. The results from Panel A in Table 4 indicates that of the 5 banks that experienced efficiency increase during the year 2000, 4 (16.67%) banks experienced the increase in efficiency attributed to the increase in scale efficiency while a (4.17%) bank experienced increase in pure technical efficiency. Also, from the 4 banks that experienced efficiency loss during the year 2000, 3 (12.50%) banks experienced the reduction in their efficiency mainly due to the decline in scale efficiency, whereas a (4.17%) bank faced the reduction mostly due to the decline in pure technical efficiency. Table 4 shows the results for the major source of productivity progress (regress) and efficiency increase (decrease) of the domestic banks. The results indicate that of the 9 domestic banks that experienced productivity progress during the year 2000, the majority, 8 (72.73%) banks, were the result of technological progress, while only a (9.09%) bank productivity progress was mainly attributed to efficiency increase. On the other hand, of the 2 domestic banks, which experienced productivity regress during the year 2000, a (9.09%) bank experienced the regress due to efficiency decrease, while a (9.09%) bank's productivity regress was due to technological regress. The results from Panel B in Table 4 indicates that of the 3 domestic banks that experienced efficiency increase during the year 2000, 2 (18.18%) banks experienced the increase in efficiency attributed to the increase in scale efficiency, while a (9.09%) bank experienced increase in pure technical efficiency. In addition, from the 2 banks that experienced efficiency loss during the year 2000, a (9.09%) bank experienced the decline due to the decline in pure technical efficiency, while a (9.09%) bank's efficiency decline was mainly due to scale efficiency.
Panel C of Table 4 exhibits the results for the major source of productivity progress (regress) and efficiency increase (decrease) of the foreign banks. The results indicate that productivity progress of the 12 (92.31%) foreign banks during the year 2000 was mainly attributed to technological progress. On the other hand, a (7.69%) foreign bank experienced productivity regress during the year 2000 due to efficiency decline. The results from Panel C in Table 4 indicate that of the 2 (15.38%) foreign banks that experienced efficiency increase during the year 2000, both banks experienced the increase attributed to scale efficiency. On the other hand, both foreign banks that experienced efficiency loss during the year 2000 were the result of scale efficiency decline.
Productivity of the domestic relative to the foreign banks
Like the earlier studies, we have so far assumed that the domestic and foreign banks came from the same legal and business environment. However, it may be questionable to pool the domestic and foreign banks into a common frontier. Therefore, in the next step, we test whether there is significant difference between the foreign and domestic banks' technology. Foreign banks have entered the Malaysian banking sector by establishing a branch. Foreign subsidiaries have their own sets of books i.e. they are distinct organizations from their parents. Foreign banks may also have quite different goals from their domestic bank peers, as they may be inclined to trade-off between productivity and market share to penetrate a local market (Isik & Hassan, 2002) .
Furthermore, lack of exposure in a lesser-known market may manifest itself in the form of extra information gathering costs for clients. The foreign owned banks may also be at disadvantage in terms of input efficiency, driven primarily by excess expenditures on personnel, or over reliance on purchased funds in the inter-bank market, which is costlier. Alternatively, foreign banks may possess some distinct advantages, stemming from their asset portfolios. relative to their domestic bank counterparts, foreign banks' asset portfolios are skewed towards investment securities, of which the administrative and transactional costs are relatively lower than loans.
Following the procedures outlined in Aly, Grabowski, Pasurka, and rangan (1990) , Elyasiani and Mehdian (1992) , and Isik and Hassan (2002) among others, we employ a battery of parametric (ttest) and non-parametric (Kolmogorov-Smirnov and Mann-Whitney [Wilcoxon rank-Sum]) tests to test the null hypothesis of identical frontiers between the foreign and domestic banks' efficiency and productivity. The results are presented in Table 5 . The results seem to suggest that the foreign owned banks have been slightly more productive (1.117 > 1.114) compared to their domestic owned bank counterparts, attributed to a higher EFFCH (1.006 > 1.004) and greater technological progress (1.109 > 1.108). However, we do not find statistically significant difference in the mean between the foreign and domestic owned banks efficiency and productivity. The t-test results are further confirmed by the results derived from the non-parametric Mann-Whitney [Wilcoxon rank-Sum] and Kolmogorov-Smirnov tests. We therefore conclude that there is no statistically significant difference between the efficiency and productivity of the foreign owned compared to the domestic owned banks.
Based on the results, we failed to reject the null hypothesis at the 5% levels of significance that the foreign owned and domestic owned banks are drawn from the same population and have identical technologies. The results imply that there is no significant difference between the foreign owned and domestic owned banks' technologies (frontiers) and that it is appropriate to construct a combined frontier. Furthermore, the results from the Levene's test for equality of variances do not reject the null hypothesis that the variances among the foreign owned and domestic owned banks are equal, implying that we can assume the variances among the foreign and domestic banks are equal. Our findings corroborate with the findings by among others, Isik and Hassan (2002) .
concluding remarks and directions for future research
The present study employs the non-parametric MPI method to examine the evolution of Malaysian banking sector's efficiency and productivity during the period of 1998-2008. The preferred methodology enables us to isolate efforts to catch up to the frontier (efficiency change) from shifts in the frontier (TECHCH). The empirical findings suggest that the Malaysian banking sector has exhibited a marginal productivity progress attributed to the increase in efficiency change. The decomposition of the scale efficiency into its mutually exhaustive pure technical and scale efficiency components show that scale efficiency has largely contributed to the favorable increase in the Malaysian banking sector's efficiency levels. Notes: Test methodology follows among others, Aly et al. (1990) , Elyasiani and Mehdian (1992) , and Isik and Hassan (2002) . Parametric (t-test) and non-parametric (Mann-Whitney and Kolmogorov-Smirnov) tests test the null hypothesis of equal mean between the two models.
We have also examined the major sources of productivity progress/regress of the domestic and foreign banks operating in the Malaysian banking sector. The empirical findings from this study suggest that the domestic banks have exhibited a marginal productivity increase attributed to the increase in EFFCH. On the other hand, we find that regress in TECHCH outweighs the increase in efficiency of the foreign banks and consequently has had adverse impacts on the foreign banks' TFP levels.
The empirical findings from this study have considerable policy relevance. First, in view of the increasing competition resulting from the more liberalized environment, the continued success of the Malaysian banking sector depends on its efficiency and productivity. Therefore, bank managements as well as the policy-makers will be more inclined to find ways to obtain the optimal utilization of capacities as well as making the best use of their resources, so that these resources are not wasted during the production of banking products and services. Moving forward it is reasonable to expect that the policy direction to be directed towards enhancing the efficiency and productivity of banks operating in the Malaysian banking sector with the aim of intensifying the robustness and stability of the financial system.
Secondly, most of Malaysian banks are small by global standards. Within the context of the Malaysian banking sector, the earlier studies have found that the small financial institutions are at disadvantage in terms of technological advancements compared to their large counterparts (e.g. Sufian, 2008) . It would be reasonable to expect that the large banks could have better capability to invest in the state of the art technologies. To this end, the role of technology advancement is particularly important given that banks with relatively more advanced technologies may have added advantage compared to their peers. Furthermore, investments in technology has important ramifications since it could help to both reduce the negative effect of macroeconomic shocks and to use its changes to acquire (or retain) competitive advantage. In this regard, consolidation among the small banking institutions may help them to better withstand macroeconomic shocks like the Asian financial crisis. Moreover, from the economies of scale perspectives, consolidation among the small banking institutions could facilitate them to better reap the benefits of economies of scale.
Due to its limitations, the paper could be extended in a variety of ways. Firstly, the scope of this study could be further extended to investigate changes in cost, allocative, and technical efficiencies over time by employing the DEA method. Secondly, future research into the efficiency and productivity of Malaysian banks could also consider the production function along with the intermediation function. Finally, the non-parametric frontier analysis used in this paper could be combined with the stochastic frontier analysis method of estimating the frontier. This should testify to the robustness of the results against alternative functions and estimation methods. For the purpose of brevity, we do not present the complete results for all years, but are available upon request from the authors.
***Significant bias at the 99% confidence interval. Notes: The table shows the original and bias-corrected results of the EFFCH index for the year 2008. The results show that in all nine cases the estimated EFFCH scores for the domestic banks are biased on the upside (statistically significant at the 1% level in all cases). On the other hand, the results for the foreign banks indicate that in three cases the estimated EFFCH scores are biased on the downside, while in seven other cases the estimated EFFCH scores are biased on the upside (statistically significant at the 10% level or better).
For the purpose of brevity, we do not present the complete results for all years, but are available upon request from the authors.
*Significant bias at the 90% confidence interval.
**Significant bias at the 95% confidence interval.
***Significant bias at the 99% confidence interval.
